We hypothesized that the direction of the J-tip of the guidewire during insertion into the internal jugular vein (IJV) might determine its ultimate location. Methods: In this study, 300 patients between the ages of 18 and 99 years who required central venous catheterization via IJV in the emergency department enrolled for randomization. IVJ catheterization was successful in 285 of 300 patients. An independent operator randomly prefixed the direction of the J-tip of the guidewire to one of three directions. Based on the direction of the J-tip, patients were allocated into three groups: the J-tip medial-directed group (Group A), the lateral-directed group (Group B), or the downwarddirected group (Group C). Postoperative chest radiography was performed on all patients in order to visualize the location of the catheter tip. A catheter is considered malpositioned if it is not located in the superior vena cava or right atrium. Results: Of the total malpositioned catheter tips (8 of 285; 2.8%), the majority (5 of 8; 62.5%) entered the contralateral subclavian vein, 2 (25.0%) were complicated by looping, and 1 (12.5%) entered the ipsilateral subclavian vein. According to the direction of the Jtip of the guidewire, the incidence of malpositioning of the catheter tip was 4 of 92 in Group A (4.3%), 4 of 96 in Group B (4.2%), and there were no malpositions in Group C. There were no significant differences among the three groups (p = 0.114).
Introduction
Central venous catheterization (CVC) is a common and important procedure for the clinical management of many patients, especially in the emergency department (ED) or intensive care unit (ICU). It allows resuscitation for intravascular depletion and access for vasoactive medications and antibiotics, and it provides a means for hemodynamic monitoring and pacing. [1, 2] The placement of central venous catheters is a technically challenging procedure. The most common cause of early malfunctioning of the central venous catheter is related to malpositioning. [3] Misplacement of a central venous catheter tip may result in incorrect venous pressure readings or serious complications such as vascular erosion and thrombosis. [4] Several techniques have been suggested to prevent malpositioning of the catheter. The direction of the guidewire J-tip was associated with misplacement of a central venous catheter, and it was reported that the rate of misplacement was increased in subclavian venous catheterization, which used the J-tip directed cephalad. [5] [6] [7] [8] However, there has been little research on the influence of the direction of the J-tip on the cc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. Thus, we hypothesized that the direction of the J-tip of the guidewire during its insertion via IJV might determine its ultimate location.
Materials and Methods

1) Study design and setting
In this prospective randomized controlled study, patients between the ages of 18 and 99 years who required CVC via IJV at ED of the tertiary teaching hospital throughout January to December 2014 were included ( Fig. 1 ). This study was approved by the institutional review board of our institution, and informed consent was obtained from all patients. 
2) Selection of participants
3) Intervention
Operators were either emergency physicians or residents working in the ED. Experienced operators were defined as those who had successfully performed more than 25 traditional landmark IJV catheterizations without supervision, and inexperienced operators were those who had performed fewer than 25 traditional landmark IJV catheterizations. [9] There were 16 operators, with 10 experienced and 6 inexpe- or right atrium. 
4) Statistical analysis
Results
Of the 300 patients enrolled for randomization, IJV (Fig. 3) .
According to the direction of the J-tip of the guidewire, the incidence of malposition of the tip of catheter was in the J-tip medial directed group (4 of 92; 4.3%), and the J-tip lateral directed group (4 of 96; 4.2%). There were no malpositions in the J-tip downward group. In the three groups, there was no significant difference in statistics (p = 0.114) ( Table 3) .
For the malpositioned IJV catheterizations, access was obtained in the contralateral IJV, subclavian, or femoral vein.
Discussion
Previous studies have made an effort to reduce the malpositioning of subclavian venous catheterization. [1, [4] [5] [6] [7] [8] But related research usually focuses on the subclavian vein and not the IJV because the frequency of malpositioning on subclavian vein is probably higher than that of the IJV ( has been studied for malposition in the IJV catheterization.
In this prospective study, we sought to determine whether the direction of the J-tip of the guidewire influenced malpositioning during IJV catheterization. Data are presented as n (%). *p > 0.9 vs. inexperienced, experienced; † p = 0.608 vs. right-handed operator, left-handed operator; ‡ p = 0.032 vs. right IJV vs. left IJV. IJV: internal jugular vein. Data are presented as n (%). Group A; the J-tip medial directed group, Group B; the J-tip lateral directed group, Group C; the J-tip downward directed group. SCV: subclavian vein. *p = 0.114 vs. group A, group B, and group C.
The "J" tip helps to prevent the guidewire from catching against the luminal wall of the vein. The J-tip of the guidewire is thus preferred over the straight tip, being less traumatic and easier to negotiate past acute angulations.
[11] Some studies have reported that the direction of J-tip has a crucial role in the incidence of malpositioning. Tripathi et al. [7] state that there is significant difference in the incidence of malpositioning (each 43% and 3%; p < 0.05) between the J-tip directed groups cephalad and caudad in the placement of catheters via the right subclavian vein.
They insisted that the simple measurement of directing the guidewire for the J-tip caudad significantly reduced the risk of misplacement into the ipsilateral IJV in right subclavian catheterization. However, Oh et al. [4] showed that there is no significant difference in the incidence of malpositioning (each 11% and 7%; p = 0.639) between landmark and ultrasound guidance groups while keeping the J-tip directed cephalad. As previously suggested, [4] we also showed that the direction of J-tip was not correlated with the incidence of malpositioning (p = 0.114). However, our results showed that the J-tip medial and lateral directed groups in each of 4 cases (4.3%, 4.2%), but not the J-tip downward group, experienced in malpositioning. In the IJV, in contrast to the subclavian vein, the direction of the J-tip was not related to the incidence of malpositioning. In addition, it was more prevalent in the left IJV, compared to the right IJV (1.7% vs.
8.2%, p = 0.032). Consistent with our results, previous studies also showed that the incidence of malpositioning in right IJV catheterizations was less common than in the left IJV. [12, 13] It has been known that the incidence of complications was dependent on the technical aspects of the procedure.
[14] However, our study, consistent with previous reports,
shows that the incidence of malpositioning in "junior"-level procedures was not different from those in "expert"-level procedures. [9] In this study, the overall incidence of malpositioning was 8 of 285 (2.8%). It is a lower incidence than in other studies (5.3% to 18.9%) which performed IJV catheterization using by landmark. [2, 15, 16] There were some limitations to our study. First, it did not consider possible impacts (e.g. thrombosis, vascular anomaly) on the malpositioning, other than the direction of the J-tip. Second, although the initial direction of J-tip is important to the determination of its ultimate location, there is still a possibility for rotation on inside veins. [4] Third, this study defined 'malpositioning' as the tip of catheters located other than SVC or right atrium, whereas Vesely [17] recommended it be located on the crista terminalis as their junction. Fourth, the enrolled number of patients may be too small to draw a statistically powerful conclusion. Based on our study, of a proportion incidence (2.8%), a power of 80% and p < 0.05, the calculated sample size was 279 in the J-tip downward directed group (Group C) and 279 in other directed groups (Group A and B) to prove the significant differences between the J-tip downward directed group with other directed groups. Further large study is necessary to confirm this result.
Last, this study did not include the J-tip upward-directed group. However, the J-tip upward direction was not preferred by operators because it is difficult to proceed in the upward direction using the structure of the guidewire dispensor.
We demonstrated that malpositions are more common after left IJV catheterization than right that the direction of J-tip of guidewire does not statistically significant effect on incidence of malpositioned CVC tips.
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